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2.1. Normal Spine 
Basic Anatomy of the Spine 
 
Figure. 2.1 Vertebral column in LA-view 
 
The vertebral column (backbone or spine) houses and protects the spinal cord 
in its spinal canal, forming a curved structure that is both flexible and firm. 
Besides transferring the load, the spine provides mobility and stability to the 
torso. The mobility includes rotation, the normal function of the thoracic spine, 
and lateral bending, extension, and forward flexion, movements normally 
occuring in the lumbar spine. The stability enables a human to stand erect and 
balance his trunk over the pelvis due to the support of the intrinsic and related 
extrinsic structures of the spine as well as the rib cage.  
Both mobility and stability can be realized by its composition of vertebrae, discs, 
ligaments, and muscles. In detail the spine contains vertebrae and intervertebral 
discs, articular facets of the posterior intervertebral joints and their articular 
capsules, interspinal and supraspinal ligaments, and small intrinsic intraspinal and 
erector spinae muscles [1-3]. 
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The vertebral column consists of 24 articulating vertebrae (Figure. 2.1), 5 fused 
vertebrae in the sacrum and 4 in  the coccyx that form the tailbone [1]. When the 
vertebral column is viewed laterally, four curves are visible. Based on their 
regions, they are named cervical, thoracic, lumbar and sacral curves. Together, 
these curves form the typically S-shape of the vertebral column. The S-shape 
plays a major role in absorbing shocks during movements such as walking or 
running. This absorbing property isolates the sensitive brain from shocks. The 
cervical curve, which is the least marked curve, is shaped as convex forward from 
the apex of the odontoid (tooth-like) process to the middle of the second thoracic 
vertebra. The thoracic curve is formed as concave forward from the middle of the 
second thoracic vertebra and ends at the middle of the twelfth thoracic vertebra. 
The lumbar curve, which begins at the middle of the last thoracic vertebra and 
ends at the sacrovertebral angle, is shaped convex anteriorly, with the convexity 
of the lower three vertebrae being much greater than that of the upper two. The 
pelvic curve, which begins at the sacrovertebral articulation and ends at the point 






Figure. 2.2 Cervical, thoracal, and lumbar vertebra 
(Redrawn from http://www.tpub.com/content/armymedical/MD0956/MD09560075.htm) 
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The 24 articulating vertebrae are divided in three regions, (from superior to 
inferior); 7 cervical vertebrae (C1-C7), 12 thoracic vertebrae (T1-T12), 5 lumbar 
vertebrae (L1-L5). This number varies slightly in some patients due to extra 
vertebrae in a region [1-3]. Each vertebra, as illustrated in Figure. 2.2, consists of 
two major parts, anterior segment (vertebral body) and posterior part 
(vertebral/neural arch), which enclose the vertebral foramen. The vertebral arch is 
formed by a pair of pedicles and a pair of laminae. It supports seven processes, 
four articular (two superior and two inferior processes), two transverse processes, 
and one spinous process, being known as neural spine. The differences between 
the vertebrae per region are the shape and proportional differences. [1-3].  
Cervical vertebra has relatively small and thin bodies compared to the vertebral 
arch and foramen. The spinous processes are short. Thoracic vertebra has 
transverse processes that articulate with ribs, therefore supports the ribs. The 
vertebral arch encloses the small and round vertebral foramen. The vertebral body 
is nearly heart-shaped and as wide anterio-posteriorly as in the transverse 
dimension. Lumbar vertebra has no transverse foramen. It has a large vertebral 
body which is slightly thicker in front than behind. The vertebral arch of the 
lumbar region is blunt. The sacral consists of 5 fused vertebrae forming a single 
triangular complex of bones [4-8].  
 
2.2 Scoliosis 
The facts of Scoliosis – the history of a twisting spine 
Scoliosis is recognized as an ancient spinal disorder. The problems of scoliosis 
and spinal deformities have existed since the fifth century BC when Hipprocrates 
listed scoliosis as one of the spinal diseases in his book ‘On Joints’ and devised 
apparatuses as treatment to minimize the vertebral displacement progression [9]. 
Following Hippocrates, Galen (AD 131 – 201) described the terms of the spinal 
deformity into scoliosis, kyphosis, and lordosis based on his anatomical studies 
and surgical experiments on both living and cadaveric human spinal column [10-
11]. Later on, the concepts concerning this spinal deformity have been expanded 
tremendously, either adhering to or contrasting with the thoughts of Hippocrates 
[10-13]. Much of the existing work on scoliosis, ranging from diagnosis, 
monitoring, and treatment, were based on particular concepts in the past.  
The invention of X-ray radiographs by W.C. Roentgen had direct implications for 
scoliosis, allowing new visualization of the deformed spine without dissection of 
the body, enabling etiological hypotheses, and a means of potentially monitoring 
and quantifying the progression and correction of deformities. In the early 1900’s, 
the spinal radiographs initially necessitated long exposure times resulting in poor 
quality spinal radiographs due to incapability of the patients to stand still for a 
long time. With the development of faster radiographic films in 1930, better 
quality radiographs were obtained bringing about improved studies about 
scoliosis measurements. However, issues regarding radiation exposure as the 
detrimental effects of x-ray radiography had not yet been solved or even 
recognized [14-16].  
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The term scoliosis, which means to bend or twist, was first used by Hippocrates 
in describing the spinal curvature in a clear-cut manner [12]. However, it is 
nowadays found that the problem is more intricate than merely a curvature, as it 
essentially involves lateral curvature, axial rotation, and sagittal flattening of the 
vertebral column. Therefore, scoliosis is more suitable defined as a complex 3D 
deformity of the spinal column. In spite of its complexity, the Scoliosis Research 
Society (SRS) considers scoliosis to be present when the lateral curvature has a 
Cobb angle (Figure. 2.3) of at least 10º associated with vertebral rotation on a 
standing posterior-anterior radiograph [17]. Progression of scoliosis usually 
shapes the spine as a single curve (shaped like the letter C) or as two curves 




Figure. 2.3 Cobb angle measurement on a PA-view of a spinal X-ray radiograph 
(Source : http://www.aafp.org/afp/2001/0701/p111.html) 
Etiology of Scoliosis 
Classification of scoliosis by etiology can be divided as either non-structural or 
structural scoliosis [1;12;19]: 
a. Non-structural (functional) scoliosis means a structurally normal spine that 
appears curved. This is a temporary, changing curve. It is caused by certain 
conditions such as postural scoliosis, hysterical scoliosis, nerve root irritation 
(either by herniation of the nucleus pulposus or a tumor), inflammatory 
conditions (such as appendicitis), related to leg length discrepancy, related to 
contractures about the hip, or muscle spasms. This type of scoliosis is usually 
treated by correcting the underlying problem.  
b. Structural scoliosis, means a fixed curve that is treated case by case. 
Structural scoliosis can be caused by many factors. It can be idiopathic, due 
to neuromuscular problems, or congenital.   
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Idiopathic scoliosis refers to a disease of unknown origin, although it tends to be 
inherited in families as a genetic basis. Idiopathic scoliosis most often develops in 
adolescents and typically progresses during the adolescent growth spurt. Despite 
numerous efforts that have been performed to eliminate some hypothetical 
causes, the cause of idiopathic scoliosis remains unknown. It is presumed that 
idiopathic scoliosis is a multiple factor disease rather than a single factor [20-27]. 
Neuromuscular disorders can be divided into neuropathic and myopathic diseases. 
This occurs when the spine curves to the side due to weakness of the spinal 
muscles or neurologic problems. The myopathic scoliosis commonly has problem 
in walking due to the underlying neuromuscular condition (such as muscular 
dystrophy or cerebral palsy). The neuropathic disease includes disorders in the 
upper or lower motor neurons.  
Congenital scoliosis, which is relatively rare form of congenital malformation of 
the spine, often develops scoliotic deformities in their infancy. This can be due to 
failure of formation or birth defects (such as wedge vertebra or hemivertebra in 
which one side of a vertebra fails to form normally before birth) or failure of 
segmentation in unilateral or bilateral bar. This congenital problem can also be 
caused by mixture of the abovementioned failures.  
Other causes of structural scoliosis can be one part of a syndrome or disease, and 
in other cases it occurs by itself. When scoliosis develops later in life, as joints in 
the spine degenerate and create a bend in the back, it is called degenerative or 
adult scoliosis.  
Scoliosis Growth in Children 
Pathogenesis investigations have found that the deformity progression may occur 
rapidly during the period of skeletal growth in the childhood [28-30]. Especially 
for girls, progression is primarily related to their growth rate curve during 
childhood and pubertal status [31-34]. The skeletal maturity, as represented by 
iliac crest ossification or bone age, has much less influence on progression [35]. 
Other condition, such as muscular imbalance, is also likely to contribute to the 
progression. The progression tendency of the idiopathic structural scoliosis is also 
ethiologically believed to be influenced by the height growth factor [31-34]. It 
appears prominent within three periods of life; periods during growth in height is 
rapid (0-3 years of infantile scoliosis), 5-8 years (juvenile scoliosis), and after 10 
years (adolescent scoliosis) [19].  
The speed of height and body weight growth as well as sexual maturity are 
affected by conditions such as hormonal disturbances and environmental factors 
[35-42]. Girls with scoliosis tend to grow faster than their controls up to this age 
but slower afterwards. After the puberty, the rate of growth between scoliotic and 
non-scoliotic girls was generally comparable, but then the girls with scoliosis 
have the tendency to decrease earlier. Compared to boys, the trend was not 
statistically different. However, scoliotic boys are taller than their controls. In 
general, both scoliotic girls and boys have the tendency to grow earlier than their 
controls. This may suggest that children who grow quickly tend to have higher 
risk of scoliosis than those growing more slowly [43-44]. 
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The Importance of Early Screening 
Although the occurrence of scoliosis is difficult to prevent, the risk of severe 
complications can be diminished by early screening. With routine scoliosis 
screening, spinal surgery can be avoided  [45]. Previous studies [46-47] have 
verified that early spinal detection and treatment of scoliosis decreases deformity 
progression and complications, resulting in a reduced need of surgical treatment. 
On the other hand, such early detection program increases the number of scoliotic 
patients treated unnecessarily and consequently raise the total cost of care.  
Seeing that scoliosis progresses during times of rapid growth in the childhood 
phase, school screening programs for early detection of scoliosis have been 
practiced throughout the world for more than 50 years. Numerous studies have 
been established to investigate viable techniques [48-55], efficiency [56-66] and 
results of such programs [61;64-70]. Such studies reveal that the most notable 
advantage of school screening is the decreased incidence of severe scoliosis 
among school children because of the routine monitoring of the progression. 
However, controversies concerning overstated costs due to overreferral, 
sensitivity and specificity relationship, and prevalence rate related to the 
clinically significance of the screening come up demanding for a more selective 
screening. Recommendations for performing a selective school screening have 
been proposed to answer such ineffective screening problems [71-72]. When 
scoliosis is suspected or confirmed, further routine screenings are critically 
important in providing information about the progression of the curvature and in 
determining the best treatment approach. 
Scoliosis Diagnosis and Treatment 
For a proper scoliosis diagnosis information from medical history, physical 
examination, and imaging evaluation are required. Factors, such as age, maturity, 
sex, family history, spinal shape and size, stature, and growth tendency, play an 
important role in assessing the speed of scoliosis progression 
[1;25;33;37;40;42;73-76]. A careful review of the patient's personal and family 
medical history is required to look for medical problems that might be causing the 
spine to curve and certain types of spinal deformity which are more prevalent 
within families [77-79]. Consideration is given to circumstances surrounding the 
patient's birth, delivery and development histories that can be associated with 
scoliosis. Abnormalities in these areas may lead to consideration of 
neuromuscular or congenital etiologies [34;80-81]. Diagnosis is clarified by 
imaging evaluation by means of subsequent radiographs taken of an individual 
patient over a period of time to show progression rate. A more advanced imaging 
evaluation can be needed to investigate the existence of neuromuscular problems.  
Based on medical diagnosis and observation, an optimal scoliosis treatment can 
be defined. In essence, depending on the progression and severity, the scoliosis 
treatment can be divided into two categories, the non-operative and operative 
treatments. Non-operative treatment is aimed to prevent the deformity 
progression, whereas operative treatment aims to stop progression, minimize the 
complications, correct and maintain the curvature. These treatments depend on 
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the Cobb angle of the curvature and the age of the scoliotic patient. Non-operative 
treatment includes 3 treatment options for scoliosis patients when the degree of 
deformity is considered not severe or still in the growth age; observation 
(watchful waiting), physiotherapy, and bracing [82-86].  Figure. 2.4 illustrates the 
flow of events, starting from the school screening until the treatment is provided. 
Observation (Watchful waiting) is prescribed for patients who are in the growth 
age. It takes place when the Cobb angle is less than 25º for adolescent patients. In 
case of mild symptoms, physical therapy (physiotherapy) will be prescribed, like 
regular or Mensendieck physiotherapy or Cesar therapy. With the combination of 
prescribed and monitored physical activities and kinesitherapy, physiotherapy is 
useful to prevent the deformity worsening in the case of mild scoliosis, enhance 
the bracing effectivity, and reduce the bracing side effect. For adolescent patients 
with a curve between 25º and 45º a brace is recommended to prevent further 
curve progression during growth of the spine. A brace is not able to correct 
curves but it is expected to prevent the deformity progression until the 
progression risk is considered small (usually after skeletal maturity age). An 
example of a number of scoliosis braces is shown in Figure. 2.5. 
 
 
Figure 2.4. Diagnosis and treatment scheme for scoliotic patients 




Figure 2.5. Examples of brace types for scoliosis treatment : 
(a) Milwaukee brace, (b) Charleston Bending brace, (c) Boston brace TLSO, (d) Providence brace 
(The figures were copied from many sources) 
 
For curves generally greater than 50º, surgery is performed for adolescent as well 
as for adult patients [87]. In cases of troublesome curvature, surgery can be 
performed for smaller curves. Surgery of the scoliotic spine generally consists of 
placing metal implants into the spine. These metal implants are attached to rods, 
these rods correct the curve of the spine the fusion or knitting of the spine 




Figure. 2.6: An example of implant for scoliosis treatment 
(Source : http://www.titamed.co.za/images/contact_large.jpg) 
 
The best treatment of each patient cannot be decided easily, seeing that the impact 
of the chosen treatment for a patient is not always clear. Each patient has his/her 
own uniqueness with different stiffness of the spine, geometry (the degree and 
shape of the curve), progression of scoliosis, and type of scoliosis. Therefore, 




Imaging Modalities and Safety Aspects 
General-purpose medical imaging modalities, such as X-Ray, CT, MRI, 
ultrasound, and the newly dual fan beam X-ray-radiography (EOS system) can be 
used for scoliosis diagnosis. X-ray has been endorsed by SRS as the standardized 
imaging modality for scoliosis [88]. However, the other abovementioned imaging 
modalities, with their advantages and drawbacks, can also contribute to support 
the diagnosis of scoliosis by providing additional information [89-93] which 
cannot be generated by conventional X-rays. The CT system is excellent in bone 
architecture imaging [94] and therefore suitable for following scoliosis 
progression. However, patients have to lie down during CT examination. It is 
known that a change in position involves spinal geometry changes [95-96]. There 
have been postural studies on comparing and matching the postures between 
supine and upright positions, resulting in an axial loading device for supine 
position [97], but this is not a general, accurate and practical solution.MRI system 
is excellent in soft tissue imaging and capable of providing additional information 
of intraspinal and neurologic abnormalities in scoliosis from tomographical 
description [90;92;98-99], but again requires the patient to lie down.  
The EOS system is specially developed to overcome several disadvantages of the 
X-ray system. It is a system that contains two X-ray beamers which are capable 
of acquire the X-ray image in both Antero-Posterior/Postero-Anterior and Lateral 
views simultaneously with the intention that the vertebral features can be matched 
as the position of both views is guaranteed to be the same. For visualization, a 
CT-template is used to match the X-ray vertebral features of the patient. Another 
advantage is that it allows X-ray radiography in a standing position. The costs, 
however, are very high. Other applications are very limited. Ultrasound has a 
lower resolution than most other modalities, but such imaging system has an 
essential advantage in the image guidance for diagnosis, treatment, and surgery. It 
is radiationless and enables  frequent use. In addition, with the use of a positional 
tracker, it is feasible to create a 3D ultrasound image [100], resulting in an 
improved interpretation and visualization of the spine.  
With the growing development of image registration techniques, it is nowadays 
feasible to combine correlated information from many imaging modalities to 
obtain a thorough interpretation of the deformity. In Table 2.1, a brief comparison 
of imaging modalities specifically for scoliosis diagnosis is presented [101]. This 
comparison highlights some important aspects which need to be taken into 
account in imaging the spinal deformity. Every imaging modality generates 
specific information which differs one another. Therefore, it is crucial to identify 
the purpose of observation and select the most apt modality based on the 
requirement. Economical aspects also play a role as they are related to the health 
cost which the hospital should invest. The dimension and resolution determine the 
measurement method and accuracy. As scoliosis is a 3D phenomenon, 3D 
representation obviously provides the best comprehensible information. The 
acquisition method and postural positioning are two aspects which determine the 
accuracy and reproducibility of the measurement. Safety aspects are also vital, as 
it verifies whether the modality can be utilized repetitively in following the 
scoliosis progression in a long-term monitoring. 
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All interaction with radiation equipment involves safety problems. The limiting 
factor of taking too many X-ray radiographs during monitoring the progression is 
the radiation drawbacks to the health of the patient. The number of radiographs to 
be taken is therefore controlled to the most three p.a. As a result, determination of 
historical progression rate must be established based on small number of actual 
measurements, although this might be inadequate to follow the progression in a 
comprehensive and accurate manner. Furthermore, accuracy is an essential matter 
in scoliosis diagnosis and treatment. So far, curvature is measured manually by 
using rulers on radiographs. However, subjectivity (intraobserver variability) and 
human error factors strongly dominate the result and bring about the actual 
progression rate hard to establish [102-103].  
Posture Reproducibility in Scoliosis Monitoring 
Many studies at posture during X-ray radiography verified that there exists 
variability in the curvature evaluation due to subject and equipment positional 
changes during the curvature measurement over time, which may result in 
irreproducible measurements [102-106]. In addition, Beauchamp [107] found that 
diurnal variation had significant changes in the curvature measurement for 
moderate to severe curves. Therefore, in order to obtain a comparable posture 
during X-ray scanning, a solution has to be found. 
Ultrasound for Scoliosis Imaging 
The use of three-dimensional ultrasound (3DUS) imaging in clinical applications 
has contributed to more extensive information for medical diagnoses. Significant 
improvements in the generation of structural volumetric representation enable 
better visualization and more accurate measurement and analysis [100;108]. One 
of the advanced developments is the generation of 3DUS imaging out of two-
dimensional ultrasound (2DUS) system. In this regard, this 3DUS system 
employs mechanical or freehand scanning techniques. The mechanical method 
sweeps the region of interest by mounting the probe to a step motor to move the 
probe in a predefined manner where the relative position and angulation of each 
frame can be determined precisely. Contrast to the mechanical system, the 
freehand technique acquires the region of interests by mounting the probe to a 
position tracking system which the scanning geometry is not predetermined [108-
110]. However, both have their own advantages and drawbacks. 
In imaging the spine, ultrasound imaging has been proven to capture spinal 
features from the reflection of the ultrasound signal [111-113]. In the study of 
Suzuki [111], ultrasound is capable of outlining spinous process and the laminae 
to measure axial rotation of the vertebrae. This method, however, only applies 
2DUS scanned to the marked skin of the back. In fact, what can be seen in the 
ultrasound images is not the bony structure, but only the reflection of some parts 
of the bone surface as investigated by Brendel et al [112]. Purnama [113] has 
shown that the ultrasound signal reflects from the processi transversi and proved 
that such imaging system is appropriate to determine the shape of human spine. 
Furthermore, to obtain the 3DUS volume of the spine, freehand scanning 
technique can be a good choice due to its flexibility to reach the whole spinal 
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surface. However, imaging the spine using freehand 3DUS still suffers from 
inadequate sampling process and speckle noise problems that may obscure the 
visibility of the spinal features causing inaccuracy in the extraction of the 
acquired vertebral features. 
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